Introduction
The methods of measuring the phase shift expected value using phase processing into a time interval use information about the phase on the basis of only two signal values in their time implementations. Such a way of measuring does not eliminate the impact on the result of the measurement of random disturbances or distortions of the analysed sine wave signals.
For periodic signals as well as for repetitive transitional ones distorted by noise, an improvement in signal-to-noise ratio and the extraction of the useful signal from the noise along with an evaluation of its parameters can be obtained by using integral methods of statistical signal processing, and in particular the correlation techniques and signal averaging in the field of time and frequency, as well as approximation algorithms [1] [2] [3] [4] [5] [6] . One of the directions in research and application in this area of metrology is the use of conditional signal averaging [7] [8] [9] .
The principle of phase shift measurement
In the signal processing model with period T presented in Fig.1 it is assumed that the original sine signal x(t) is free from distortions, whereas the secondary signal y(t) with phase shift  xy in relation to the signal x(t) is subject to additive disturbance by independent noise n(t) with distribution
The signals available in the phase shift analysis are the signals x(t) and z(t) = y(t) + n(t). The values of signals in the moments t 1 and t 2 ( = t 2 -t 1 ) were taken into account. In the measurement model the signal z(t) is subjected to a non-inertial nonlinear transformation ) ( The aim of the present paper is to evaluate the influence of correlating ) ( n R the disturbance n(t) on the experimentally determined CAEV characteristic in the neighbourhood of its minimum.
Applying the conditional expected value of the delayed signal module
In publication [9] the properties of a CAEV characteristic were analysed for a disturbance in the form of broadband noise without taking into account the correlation of arithmetically averaged values of the disturbing signal. The sine signals under analysis: x(t) and y(t) with the phase shift  xy are described by the basic models:
The relation for CAEV is as follows [5] :
where:
In the minimum place, CAEV has the value of: 
The variance of the estimate of a CAEV characteristic, which is the conditional average value of the module (CAAV), based on M implementations in the minimum point for m    equals:
For broadband noise with no correlation of samples based on (4) and (5): 
Relation (7) can be the basis for the evaluation of the variance (5), which for example for a model of exponential correlation of disturbance ) (t n equals: 
Experimental research results
During the experimental works and signal processing a multi-function generator, inertial system, adder and dualchannel digital oscilloscope were used as well as ORIGIN software. In studying the role of the disturbance n(t) physically generated low-pass white noises in two bands B 1 = 25 kHz (noise generator NRG201) and B 2 = 55 Hz (noise generator DPGS2) were used (Fig.3) . Examples of input signals disturbed by white noise in the 25 kHz band are presented in Figure 6 . Examples of CAAV characteristics are presented in Figures 7a÷c. Behaviour 1 is the signal x(t) with the period T = 1.4 ms.
The output signal y(t) with the period T = 1.4 ms is disturbed with noise on various levels and then averaged conditionally. For a disturbance with the value of standard deviation  1 = 0.45 V the minimum of the CAAV characteristic equals 0.36 V, which is in accordance with expression (3). In figure 9a a CAAV characteristic was provided for  2 = 0.5V and M = 256 in Figure 9b the CAAV characteristic was determined with a smaller noise  2 = 0.14 V. The example concerns relatively large values of correlation and a small value of S/N. The relative uncertainty of the phase shift evaluation equals 4 percent. In order to decrease it, the number M of averages needs to be increased.
Summary
The phase shift measurement model with an undisturbed input signal and a disturbance of the output signal with noise often occurs in tasks involving an active identification of dynamic industrial objects.
The proposed evaluation method of m ˆ and xy ˆ may be particularly useful in ranges of infralow frequency due to the advantage of shortening the long time of analysis with the required accuracy in measuring the phase shift. The application of the CAAV for sinusoidal signal disturbed with noise allows to reduces the variance of the time delays in relation to the variance when the signal crossing zero with the same S/N in the classical method. This time is proportional to the phase shift [10] . ˆ under conditions of a significant correlation of disturbing components is characterised by a large increase in variance for the minimising of which it is required to increase the number M of conditional averages.
